###### Key questions

What is already known?
======================

-   Time-critical conditions (TCC) are estimated to be a substantial cause of mortality in low and middle-income countries, yet there is a lack of consensus regarding the definition of TCC.

-   Quantification of deaths and identification of contributing factors to those deaths are challenging in settings with poor medical records.

What are the new findings?
==========================

-   A locally contextualised definition of TCC was developed.

-   There is a substantial burden of deaths due to TCC in this rural South African population.

-   Deaths from TCC are mostly due to non-communicable diseases and have been increasing since 2004 in this population.

-   The most significant burden to healthcare in this population for TCC appears to be a delay in seeking care, but quality of care issues were also highlighted by the study. Issues in reaching care were not prominently identified.

What do the new findings imply?
===============================

-   Further research and development of solutions for TCC should be focused on improving healthcare-seeking behaviour and provision of quality care at facilities.

Background {#s1}
==========

Time-critical conditions (TCC) are a substantial cause of mortality worldwide, responsible for an estimated 45%--54% of all deaths.[@R1] These conditions, such as sepsis and myocardial infarction, benefit from high-quality emergency care, and rapidly lead to death if left untreated. The burden of deaths due to TCC is much greater in low and middle-income countries (LMICs) than in high-income countries, the difference being around threefold.[@R3] Despite the urgent need to respond to this burden, health system provision for acute care has not historically received attention in funding or research, with focus instead on care for specific diseases.[@R4] Knowledge of the burden of TCC is inadequate due to a lack of systematic health surveillance of between two-thirds to three-quarters of the global population,[@R6] with undocumented deaths being common in LMICs.[@R7] The lack of a universal definition of TCC adds to difficulty in its study.[@R1]

Building on the World Health Assembly (WHA) Resolution 60.22, which called for improvements in acute care in LMICs,[@R12] WHA Resolution 72.16 adds further urgency to the need for quality emergency care in these settings.[@R13] The provision of quality acute care is fundamental to achieving improved outcomes for TCC and many health-related Sustainable Development Goals (SDG).[@R14] However, a deeper understanding of access to care for TCC is needed to identify gaps and prioritise appropriate prehospital and facility interventions.[@R1] Verbal autopsy (VA) is a method to determine cause of death in otherwise unregistered populations[@R15] by means of a structured interview with a relative or carer of the deceased undertaken by a trained interviewer, within 1 year of death. During the interview, questions aim to ascertain cause of death and circumstances surrounding death. Computer models, such as InterVA-5, are available to interpret large amounts of data to assign causes of death.[@R17] VA therefore presents an opportunity to ascertain the burden of deaths due to TCC in settings where health records are lacking.

Ten questions on the circumstances surrounding death,[@R18] added to the WHO VA process in 2012, allow establishment of where delays occur in the process of accessing care.[@R19] These questions were informed by the Three Delays framework, which structures delays in accessing care into three areas---seeking, reaching and receiving quality care (also known as the first, second and third delays, respectively).[@R20] The Three Delays framework was developed to study emergency obstetric care, but has since been used in the study of care for sepsis,[@R21] perinatal presentations,[@R22] hip fracture[@R23] and trauma.[@R19] This framework has also been proposed to conceptualise deficiencies in systems of emergency care.[@R24]

In addition to direct responses to questions, VA interviewers also record information surrounding the death in a free text summary format. This account allows further exploration of access to care and care-seeking behaviours around the time of death, although in a less structured manner.

This study uses VA data to assess mortality, delays in access to care and care-seeking behaviour for TCC in a population residing in a rural area of South Africa.

Methods {#s2}
=======

Study setting {#s2-1}
-------------

The study was based at the Rural Public Health and Health Transitions Research Unit of the Medical Research Council and University of the Witwatersrand in Agincourt, South Africa. The Agincourt unit has undertaken health and demographic surveillance surveys (HDSS) since 1992, including conducting annual VA on any deaths reported in the enumerated population.[@R25] It is one of three HDSS sites in South Africa comprising the South African Population Research Infrastructure Network (SAPRIN), as well as being a member of the International Network for the Demographic Evaluation of Populations and Their Health (INDEPTH).

Agincourt is located in a rural area of Mpumalanga, one of the nine provinces of South Africa, in the northeast of the country. Public health services in the country are managed by each province,[@R26] with further division into health regions, Agincourt being in the Ehlanzeni region under the jurisdiction of the Mpumalanga Department of Health.[@R27] Most interactions with healthcare in South Africa are based at the primary care level, in nurse-led clinics. District hospitals provide the majority of hospital-based emergency care and are usually staffed by non-specialist medical officers, with the ability to refer on to regional hospitals for more specialist input.[@R28]

In Mpumalanga there are 287 primary healthcare facilities, 23 district hospitals, 3 regional and 2 tertiary hospitals. Due to the rural nature of the region, there are also mobile clinics. Ambulance services in the region aim to provide prehospital medical services and interhospital transfers within national targets of 40 minutes in rural areas.[@R27] We are not aware of any studies that have assessed whether these targets are met.

Methodologies {#s2-2}
-------------

This study employed mixed methodologies using VA data from 1993 to 2015. Data from 2015 were the most recent data available to us at the time of research. Data from 1992 were excluded as the VA process had not been fully established that year.

The literature was scoped for pre-existing definitions of time-criticality and lists of conditions categorised as time-critical that were appropriate to our setting.[@R1] Those conditions which were defined as 'requiring prompt medical care within twelve hours from the onset of symptoms recognised by a layperson to prevent death' by Hsiao *et al* were chosen as the basis for our study.[@R10] This was due to their definition being used in a large VA project (the Million Death Study), its applicability to an LMIC setting and the availability of the precise list of conditions, using International Classification of Diseases, 10th Revision (ICD-10) codes. Study authors, who had extensive research or clinical expertise in the local area, refined the list and also reviewed causes of death in the VA data set not already classified by *Hsiao et al*. Consensus on which conditions to define as time-critical was met after discussion between authors.

TCCs defined using ICD-10 were then mapped onto relevant VA codes. Deaths where likelihood of correct cause of death assigned by Inter-VA5 was less than or equal to 50% were excluded. Deaths were categorised as TCC or not. Numbers and percentages of deaths due to TCC were described according to age group, sex and time period. Deaths from TCC were disaggregated by condition type in the same manner as Hsiao *et al*: communicable, neonatal, maternal, non-communicable and injury-related.[@R10]

Deaths from TCC were divided into 10-year age groupings. For the age group below 10 years, deaths were also shown for neonates (\<28 days), infants (≥28 days to \<1 year) and from 1 to 5 years. Time was divided into 5-year periods, except the last time period (2013--2015), which encompassed 3 years.

The 10 circumstances of mortality (CoM) indicators, as added to the VA process in 2012,[@R18] were attributed to delays in seeking care (first delay), reaching care (second delay) and receiving quality care (third delay). An additional indicator from the main VA questions regarding patients discharged while still unwell was added to also indicate a delay in receiving quality care. Indicators of delays in seeking care were (1) doubts over the requirements for medical care, (2) use of traditional medicine, (3) lack of use of telephone to seek help, and (4) perceived prohibitive costs. Indicators of delays in reaching care were (1) lack of attendance to a facility, (2) lack of use of motorised transport to reach a facility, and (3) duration of over 2 hours to reach a facility. Indicators of delays in receiving quality care were (1) issues during admission, (2) issues with treatment, (3) issues pertaining to treatment and investigations, and (4) patients discharged while still unwell. As the CoM indicators were only recorded from 2012 and after, only deaths from 2012 onward were considered for this analysis. The number of time-critical deaths which experienced each delay was calculated.

### Statistical analysis {#s2-2-1}

Quantitative analyses were done using SPSS statistics V.24.[@R29] Non-parametric data are described as median (IQR). Proportions of deaths due to TCC are shown for age group, sex and 5-year time period. χ^2^ was used to test the association between TCC and sex; associations between TCC by age and year were tested using non-parametric linear regression, with age and year entered as continuous variables. As an exploratory study, no power calculation was performed.

### Free text summaries analysis: quantitative {#s2-2-2}

The free text portion of the VA interview is a summary of the discussion between interviewer and respondent. Notes are taken during the interview and the full narrative is written up by the interviewer following the interview; these contain details of the time leading up to each death that are not possible to capture on the binary responses of the VA questionnaire. These were examined to determine patterns in healthcare access prior to death. Only deaths due to TCC from 2012 to 2015 were analysed, in order to align with the CoM indicator analysis. Information on the following was extracted from the free text summaries: the initial healthcare type accessed (first healthcare act), all healthcare types accessed in the final day of life and the place of death. Cases were excluded if any one of these information points could not be determined. Those dying on the same day as attendance to hospital were classified as accessing the emergency department in the final day of life, whereas those with a hospital stay greater than 1 day prior to death were classified as inpatients.

### Free text summaries analysis: qualitative {#s2-2-3}

Free text summaries were further analysed using a qualitative combined inductive and deductive approach. A set of a priori codes related to the first, second and third delays of the Thaddeus and Maine framework were developed.[@R20] Free text summaries were coded using NVivo V.10[@R30] and an iterative process allowed for re-review with emergent codes, until saturation was reached.

Results {#s3}
=======

The list of TCCs and corresponding ICD-10 codes used in this study is presented in the [online supplementary table A1](#SP1){ref-type="supplementary-material"}. Characteristics of the deceased are shown in [table 1](#T1){ref-type="table"}. Of the 15 305 VAs performed from 1993 to 2015, a total of 5885 deaths were classified as time-critical (38.45%). Most time-critical deaths were from non-communicable diseases (NCD; 2961, 50.31%). Communicable disease (1483, 25.20%), injury-related (1042, 17.71%), neonatal (287, 4.87%) and maternal (112, 1.90%) deaths made up the remainder.
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###### 

Summary of all-cause deaths and time-critical deaths, according to sex, age group and time period

                            All deaths n=15 305   All TCC n=5885   Maternal n=112   NCD n=2961      CD n=1483      Neonatal n=287   Injury n=1042
  ------------------------- --------------------- ---------------- ---------------- --------------- -------------- ---------------- ---------------
  **Sex**                                                                                                                           
  Female                    7328 (47.88%)         2678 (45.51%)    112 (100%)       1506 (50.86%)   701 (47.27%)   133 (46.34%)     226 (21.69%)
  Male                      7977 (52.12%)         3207 (54.49%)    0 (0%)           1455 (49.14%)   782 (52.73%)   154 (53.66%)     816 (78.31%)
  **Age group (years)**                                                                                                             
  \<10                      2423 (15.83%)         924 (15.70%)     0 (0%)           0 (0%)          556 (37.49%)   287 (100%)       81 (7.77%)
   Neonate                  388 (2.54%)           287 (4.88%)      NA               NA              NA             287 (100%)       NA
   Infant                   908 (5.93%)           340 (5.78%)      0 (0%)           0 (0%)          331 (22.32%)   NA               9 (0.86%)
   1--5                     958 (6.26%)           233 (3.96%)      0 (0%)           0 (0%)          192 (12.95%)   NA               41 (3.93%)
  ≥10 to \<20               484 (3.16%)           184 (3.13%)      10 (8.93%)       0 (0%)          78 (5.26%)     NA               96 (9.21%)
  ≥20 to \<30               1647 (10.76%)         458 (7.78%)      32 (28.57%)      0 (0%)          137 (9.24%)    NA               289 (27.74%)
  ≥30 to \<40               2532 (16.54%)         837 (14.22%)     51 (45.54%)      401 (13.54%)    163 (10.99%)   NA               222 (21.31%)
  ≥40 to \<50               2051 (13.40%)         686 (11.66%)     19 (16.96%)      375 (12.66%)    139 (9.37%)    NA               153 (14.68%)
  ≥50 to \<60               1555 (10.16%)         622 (10.57%)     0 (0%)           444 (14.99%)    93 (6.27%)     NA               85 (8.16%)
  ≥60 to \<70               1499 (9.79%)          636 (10.81%)     0 (0%)           476 (16.08%)    106 (7.15%)    NA               54 (5.18%)
  ≥70                       3114 (20.34%)         1538 (26.13%)    0 (0%)           1265 (42.72%)   211 (14.23%)   NA               62 (5.95%)
  **Time period (years)**                                                                                                           
  1993--1997                1626 (10.62%)         682 (11.59%)     6 (5.36%)        364 (12.29%)    123 (8.29%)    32 (11.15%)      157 (15.07%)
  1998--2002                2644 (17.28%)         954 (16.21%)     10 (8.93%)       492 (16.62%)    200 (13.49%)   55 (19.16%)      197 (18.91%)
  2003--2007                4209 (27.50%)         1346 (22.87%)    22 (19.64%)      715 (24.15%)    299 (20.16%)   74 (25.78%)      236 (22.65%)
  2008--2012                4322 (28.24%)         1700 (28.89%)    36 (32.14%)      821 (27.73%)    508 (34.25%)   96 (33.45%)      239 (22.94%)
  2013--2015                2504 (16.36%)         1203 (20.44%)    38 (33.93%)      569 (19.22%)    353 (23.80%)   30 (10.45%)      213 (20.44%)

Numbers (and percentage) of deaths which are time-critical are also presented for the categories: maternal, non-communicable, communicable, neonatal and injury.

CD, communicable disease; NA, not applicable; NCD, non-communicable disease; TCC, time-critical condition.

The most common causes of death for each category were: obstetric haemorrhage (58.93%) for the maternal category, indeterminate (38.50%) for the NCD category, acute respiratory infection including pneumonia (81.79%) for the communicable disease category, neonatal pneumonia (33.10%) for the neonatal category and assault (42.61%) for the injury-related category. [Online supplementary appendix table A2](#SP1){ref-type="supplementary-material"} shows all causes of death identified in the data set, by condition category.

The median age for death due to TCC was 47.54 (IQR=42.43). The proportion of all deaths which were due to TCC in each age group ranged from 24.32% (233/958) in the 1--5 years age group to 74.23% (288/388) for deaths occurring in the first 28 days of life ([table 1](#T1){ref-type="table"} and [figure 1](#F1){ref-type="fig"}; see also [online supplementary appendix table A3](#SP1){ref-type="supplementary-material"} for proportion of time-critical deaths attributable to condition category, by age group). The overall pattern was for TCC to increase with increasing age (Spearman's r correlation coefficient of 0.095, p\<0.01 (two tailed)). A slightly smaller proportion of deaths from TCC occurred in females (2678, 45.51%) than in males (3207, 54.49%) (χ²=21.599, p=\<0.001). The percentage of all deaths due to TCC in 1993 was 42.22% (133/315) ([table 1](#T1){ref-type="table"} and [figure 2](#F2){ref-type="fig"}; see also [online supplementary appendix table A4](#SP1){ref-type="supplementary-material"} for proportion of time-critical deaths attributable to condition category, by year). The percentage trended downward, reaching the lowest level in 2004 (221/774, 28.60%), then increased thereafter, reaching the highest level in 2014 (418/842, 49.64%) (Spearman's r correlation coefficient of 0.063, p\<0.01 (two tailed)).

![Proportion of total deaths defined as time-critical, by age group (1993--2015).](bmjgh-2020-002289f01){#F1}

![Proportion of total deaths defined as time-critical, over time (1993--2015).](bmjgh-2020-002289f02){#F2}

Of the 3263 all-cause deaths between 2012 and 2015, a total of 1537 were defined as time-critical (47.10%). Analysis of the CoM indicators showed that 394 of these (25.63%) experienced at least one of the three delays and that 647 individual delays were reported. Overall, of the 647 individual delays reported ([table 2](#T2){ref-type="table"}), 428 (66.15%) were due to a delay in seeking care (first delay), 72 (11.13%) due to a delay in reaching care (second delay) and 147 (22.72%) due to a delay in receiving quality care (third delay).

###### 

The three delays experienced in deaths from time-critical conditions, as assessed using circumstances of mortality (CoM) indicators

  Delay                                      CoM indicator                Number of deceased experiencing delay\*
  ------------------------------------------ ---------------------------- -----------------------------------------
  First delay---seeking care                 Doubts about need for care   39 (9.90%)
  Use of telephone                           36 (9.14%)                   
  Use of traditional medicine                84 (21.32%)                  
  Perceived prohibitive costs                269 (68.27%)                 
  Second delay---reaching care               Travel to health facility    36 (9.14%)
  Use of motorised transport                 36 (9.14%)                   
  Distance (more than 2 hours to facility)   0 (0.00%)                    
  Third delay---receiving quality care       Problems with admission      27 (6.85%)
  Problems with treatment                    26 (6.60%)                   
  Problems with medicine                     27 (6.85%)                   
  Discharged while ill                       67 (17.01%)                  

\*Percentage does not total 100% as delays can be experienced by the same deceased person in more than one category. (The denominator is the % of deceased who responded stating any delay using CoM indicators (n=394).) The total number of delays captured for all deceased was n=647.

Quantitative free text summaries analysis {#s3-1}
-----------------------------------------

The required data from the free text summaries regarding patterns of healthcare access were available in 1324 of 1537 VAs (86.14%) performed between 2012 and 2015. The most common access pattern was to access no healthcare and die outwith a facility (409/1324, 30.89%). The second most common pattern was to attend hospital and die as an inpatient (218/1324, 16.47%). In 175 cases (13.22%) the pattern was to attend clinic initially, then be admitted to hospital and die as an inpatient. In 73 cases the deceased attended clinic initially, then died without being admitted to a facility (5.51%). Other patterns of healthcare access are shown in [figure 3](#F3){ref-type="fig"}.

![Access to healthcare patterns for time-critical deaths (2012--2015). Inner ring shows first healthcare act, middle ring shows healthcare accessed on final day of life, outer ring shows place of death. Pattern of healthcare access determined by movement from inner to outer ring. Size of wedge proportional to number of cases. Colours attributed according to first healthcare act (grey=nil, light blue=clinic, orange=hospital, dark blue=private, yellow=other). Less common pathways have been amalgamated into 'other' category, which include first healthcare acts of ambulance, already inpatient and traditional healer. ED, emergency department.](bmjgh-2020-002289f03){#F3}

Qualitative free text summaries analysis {#s3-2}
----------------------------------------

### Delays in seeking care (first delay) {#s3-2-1}

Interviewers recorded accounts of home-based care, such as the use of left-over or purchased medication and home-made oral rehydration solution, commonly in deaths from TCC. Attendance to traditional healers or the church also occurred frequently. Symptoms did not tend to improve after self or traditional treatments, with some dying at home without seeking Western healthcare.

> Left over medication was given but nothing changed. \[...\] They continued giving him left over medication \[...\] he died at home.

Refusal to attend clinic or hospital was a recurrent theme, but reasons for this were not often recorded. Some cases conveyed negative perceptions of Western medicine:

> Nothing was done as they thought Western treatment won't help.

### Delays in reaching care (second delay) {#s3-2-2}

Several of the deceased died en route to a facility using their own transportation, although specific difficulties in obtaining private transportation were not mentioned. Ambulances were not quick enough to prevent death for some:

> An ambulance was called but she died at home before the ambulance arrived.

### Delays in receiving quality care (third delay) {#s3-2-3}

On referral from clinic to hospital, patients tended to return home prior to arranging transport to hospital, rather than travel directly to hospital by ambulance. Many patients waited until the next day to travel to hospital, with some dying at home. Even when an ambulance was called, some died while waiting for its arrival. Referral to a tertiary or specialist facility from a district hospital could also be problematic.

> Treatment was given and referred to hospital. \[...\] She died the night before she was taken to hospital.
>
> Doctors tell the family that they will refer her to another hospital \[...\] she died before they refer her.

Some people died while waiting to be seen or while being attended to at a clinic or emergency department. Clinicians were thought to communicate poorly with patients and relatives, with the likely diagnosis and results of investigations often not being shared.

> He was taken to hospital and while waiting on the queue he started to have difficulty in breathing and he died...
>
> X-ray was done again but doctors didn\'t tell the family what they found.

Patients in clinics and hospitals often did not improve clinically, despite persistence of treatment, and consideration of alternative treatments seemed to be sporadic. Several accounts described clinical assessment and administration of treatment as lacking. Several deaths occurred a short time after attendance to a healthcare facility, while some patients were not well prior to discharge.

> She was given water drips, injection and other treatment, nothing has changed \[...\] She was always given water drips and other treatment. Nothing has changed.
>
> Her sugar level was too high and they fail to control it.
>
> He died at home, the same day of consultation from the clinic.

The free text summaries described a lack of consumables and malfunctioning equipment at clinics and hospitals. Lack of bed space also affected patient care.

> Oxygen was not given because it was not working.
>
> Doctor said she was supposed to be admitted but they will not admit her because all the beds were full.

Discussion {#s4}
==========

The burden of TCC in this population is substantial, with males and those at extremes of age more likely to die from TCC. The proportion of deaths due to TCC has been rising, accounting for nearly 50% of all deaths since a nadir in 2004. CoM indicators showed that in around one-quarter of deaths with TCC, any one of the three delays to care was experienced, with the first delay occurring most frequently. Quantitative analysis of the free text summaries indicated the importance of the delays in seeking care, given that around one-third of the reviewed 1324 cases did not seek any care prior to death outwith a facility. On the other hand, qualitative analysis of the free text summaries most frequently described delays in receiving quality care.

The proportion of deaths identified as time-critical is similar to those described by modelled estimates,[@R12] as well as a population-level study in India.[@R10] That males experienced a slightly greater burden of TCC is likely to be explained by the increased proportion of injury-related deaths in males versus females. This echoes global findings, whereby men account for three-quarters of deaths from road traffic injuries and four-fifths from homicide worldwide,[@R31] and also findings from a previous study undertaken in this population.[@R19] Deaths in those aged 28 days or less were most likely to be due to a TCC, likely due to the scope of conditions affecting this age group, which tend to be incompatible with life without treatment. The per cent of deaths within an age group which were time-critical remained between 30% and 40% until around 70 years, after which it increased; this is likely attributable to the increased NCD burden tending to affect older ages.

The increase in proportion of deaths due to TCC seen from 2004 onward may correspond with the improvements in life expectancy due to progress made in treating the HIV/AIDS epidemic in South Africa. This change would allow those who previously succumbed to HIV/AIDS to develop TCC. In addition, as a country undergoing both epidemiological and demographic transitions, the burden of NCD, of which there is a substantial time-critical component, will increase.[@R32] The increasing risk for some TCC, such as acute cardiovascular disease, likely conspires with under-resourced primary care and primary prevention services to increase the incidence of TCC.[@R33]

Although the CoM indicators showed that only around one-quarter of people who died from TCC experienced any delay in seeking, reaching or receiving quality care, the relative proportions of delays experienced are informative. Delay in seeking care was found to be the most prevalent when using the CoM indicators and this is substantiated by the most common pattern of healthcare access being to access no healthcare and death outwith a facility. The free text summaries provide insight into the drivers for this delay in seeking care. Only a small proportion of cases (47/1324) initially accessed traditional medicine. However, of those people who did access traditional medicine, a large proportion died with a traditional healer or outwith a facility, suggesting that accessing traditional healers for the acutely unwell can prevent potentially life-saving access to biomedical care; our qualitative analysis supported this hypothesis. Other groups have shown that education of traditional healers in signposting can improve referral to biomedical care in people with HIV.[@R36] It would be important to consider whether this would be an efficient use of resources for TCC, given the low numbers that our study identified using this pathway prior to death.

Self-treatment, which usually referred to the administration of left-over medication from a previous healthcare encounter or using home-made oral rehydration solution, was frequently mentioned in the free text summaries as an alternative to formal care in the early stages of the final illness. Although some medications could be appropriate for a particular TCC, the qualitative analysis suggested that these medications were taken without knowledge of the likelihood of its ability to successfully treat that particular condition. The CoM indicators also suggest that no help was sought via the telephone in a relatively small number (2.34%) of cases, and the importance of this was not detected by the qualitative analysis. In South Africa, there is a single national number specifically for calling an ambulance.[@R37] Evidence in other sub-Saharan African countries suggests a poor public awareness of emergency telephone numbers.[@R38]

The most frequently identified barrier on examining the CoM indicators was costs. Care at public clinics and hospitals is free in South Africa, but there are still direct costs (eg, transport) and indirect costs (eg, loss of wages). These have been shown to affect patients accessing HIV/AIDS care in South Africa.[@R39] Prior personal or community experience of costs for accessing medical care in South Africa may disincline people with TCC from seeking care. This may be a factor in explaining the large proportion of the deceased who did not seek any care in our study population.

That delays in seeking care were quantitatively the most important---using the CoM indicators and the first healthcare act---suggests lack of knowledge of or trust in the ability of a healthcare facility to provide treatment may be an issue in this population.[@R40] Indeed, patient refusal to attend a facility was a frequent theme occurring in the free text summaries. Although the reasons for this were not readily identified, a few had views that Western medicine would not work. Previous direct experience or vicarious knowledge of delays in reaching and receiving quality care may have resulted in the decision not to seek care.[@R20]

Delays in reaching care were only implicated in a small number of cases by the CoM indicators. Few respondents reported the deceased using an ambulance to initially access treatment, and on analysis of the free text, dying outwith a facility (or in clinic) waiting for an ambulance was reported. The patterns of healthcare access showed that a quarter of those initially accessing an ambulance died outside hospital. Prehospital care has been shown to have deficiencies, namely lack of appropriate equipment and inadequate staffing, within other rural areas of South Africa.[@R41] Due to lack of a timely ambulance service, or perceptions of poor availability and quality, car tends to be the most common form of motorised transportation used for emergencies in LMICs.[@R38] In the free text analysis, delays in reaching care appeared greater than on analysis using CoM indicators. Deaths en route to a facility in a small number of cases were revealed but it was not possible to differentiate en route deaths into those using ambulance versus own transport.

Additionally, deaths en route could be argued to be both indicative of a delay in seeking care as well as of reaching care (or the quality of emergency medical services providers) as the illness may have been left too late to be salvageable. Distance from a facility has been found in other studies to be implicated in higher mortality from TCC.[@R43] However, distance from a healthcare facility was not a prominent issue in this study, featuring no mention in the qualitative analysis, and none of the deceased were located more than 2 hours from a healthcare facility according to the CoM indicators. This is likely to be accurate given the geographical spread of healthcare facilities and road quality in the Agincourt area.[@R25] Geography is only one component of access, which also involves other dimensions, such as awareness and understanding, cultural context and financial constraints. Many studies, which have focused on geographical access to a facility, have found this to be reasonable, however, those considering access using additional dimensions have found this to be lacking.[@R44]

Despite short distances between facilities, interfacility transfer appeared to be problematic. On referral to hospital from clinic, patients were expected to arrange their own transportation, rather than be transferred by ambulance. Qualitative analysis also showed that transfer to a specialist facility from a district hospital was thought to contribute to mortality. Issues with referral have been shown to be a significant cause of worsened health outcomes in other contexts, such as maternal mortality.[@R46] Non-concordance with referral advice by relatives of the deceased has been regarded to be a particular challenge in referring patients from first-level health facilities in similar settings.[@R47] Thaddeus and Maine classified issues with referral as a delay in receiving quality care (third delay).[@R20] Referral relies on recognition of TCC at referring facilities, and on transportation processes between them; delays due to transportation are usually regarded as a delay in reaching care (second delay). Thus, it could be argued that the act of referring a patient to a higher level facility exposes them to delays in reaching care, having already encountered delays in receiving quality care at the initial facility. The concept of cyclical delays, rather than being simply a linear process, has been discussed in other studies.[@R48]

A study examining paediatric care in Rwanda identified a key 'fourth delay', characterised as an additional source of delays after leaving a healthcare facility. These occur in the form of lack of follow-up care, difficulty in adherence to treatment plans and abandoning biomedical care for other forms of healthcare, such as traditional healers.[@R49] Previous healthcare experiences also impact on this delay.

The second most common pattern of healthcare access for TCC was attendance at hospital and death as an inpatient. Attendance at clinic, then admission to hospital for an inpatient stay, followed by death in hospital was also common. This may either suggest that a substantial proportion of the deceased in this population experienced delays in receiving quality care, or that delays in seeking and reaching care meant that the illness had progressed to be incurable by the time the patient reached the facility. That a large proportion of the deceased were over 70 years old may also contribute to the final illness not being survivable, especially in a population where multimorbidity is prevalent.[@R50] However, that these cases managed to overcome the first two delays and attend a facility, suggests that quality of care issues should not be disregarded.

Poor quality of care at facilities was the most commonly identified issue in the qualitative analysis. Particular areas of concern surrounded communication, assessment of the patient and availability of beds and equipment. However, it must be considered that the free text summaries were written by the interviewer based on the information given to them by the carers of the deceased and may not be a true reflection of experiences in facilities, when relatives may have not been present.

Being discharged while still ill was another quality of care issue identified in the study. On exploration of the conditions associated with this outcome on the CoM indicators, it was found that 31.34% (21/67) of these cases died due to stroke and 23.88% (16/67) of these cases died due to acute respiratory infection (see [online supplementary appendix table A5](#SP1){ref-type="supplementary-material"}). Terminal cases may have been discharged home to die at the request of the patient, but that could not be determined by this study. The reasoning behind patients being discharged to die at home requires further elucidation, as if facility-based care is perceived as being poor quality by members of the community, it can impact on care-seeking behaviours of subsequent people who require care.[@R20]

Although the management of TCC is primarily regarded as the provision of quality acute care, primary care and preventative public health strategies play a role in alleviating the burden from TCC. Many TCCs could be prevented through the reduction of risk factors and associated diseases, such as adequate treatment of diabetes mellitus reducing the TCC of diabetic ketoacidosis.[@R51] Additionally, primary care providers should be able to recognise TCC and appropriately refer. The focus of VA on events proximate to death does not allow capture of data on primary prevention efforts that could have prevented TCC; further studies of health service availability in the region are needed to provide data regarding this.

Of note are differences in barriers identified by the different methodologies employed in our study. The qualitative review of free text summaries most frequently identified barriers to receiving quality care, echoing the findings of the Lancet Global Health Commission on High Quality Health Systems in the SDG era, which determined that inadequate and poor quality care is common, especially in LMICs.[@R52] On the other hand, the CoM indicators showed a prominence of delays in seeking care, as did examination of the patterns of healthcare access. Open and closed questions may have different abilities to detect delays in a given population. A previous study using VA to investigate maternal mortality delays in Burkina Faso and Indonesia found that different delays are reported in open sections of the interview compared with the closed questioning.[@R48] This discrepancy could be regarded as a positive feature of using structured and non-structured formats for VA interviews, as it allows a breadth of delays to be captured, with the open, free text sections allowing for expression of cultural perspectives to ascertain issues that are important for health planning.

The mixed methodology of our study identified specific barriers to care in the studied population, which is useful for future health planning. However, the differing results between the quantitative and qualitative aspects make it difficult to draw a conclusion as to whether overall delays in seeking or receiving quality care are more influential in the studied population. That said, using VA in this manner, via the inclusion of analysis of free text summaries, allows for more of the cultural perspective on healthcare access to be understood.

Limitations {#s4-1}
-----------

The lack of a universal definition of time-criticality and associated conditions, requiring the need to formulate a locally contextualised classification of TCC using consensus agreement between authors, may limit the direct generalisability of this study, as does the study being conducted in just one area of South Africa. However, the population within the Agincourt HDSS site has characteristics similar to South Africa as a whole. Additionally, the Agincourt HDSS site is part of SAPRIN and the global INDEPTH Network of HDSS sites, allowing the methodologies that we have developed to be applicable more widely.

In terms of time-criticality, Hsiao *et al* defined time-critical mortality as being from 12 hours from symptom onset to death.[@R10] However, temporal certainty is unable to be distinguished using VA data, and also a particular condition may take different amounts of time from symptom onset to death in person to person. The list of conditions was agreed on the principle of time-criticality being likely for most people with these conditions. Survivability of TCC could not be evaluated using this study methodology; thus, although we were able to document where delays were occurring, it was not possible to see if those delays contributed to an untimely death. Some conditions may not be survivable, even with the best medical care available. Edem *et al* examined a way to define the survivability of a trauma case,[@R19] but the complexity and plethora of causes for time-critical deaths would limit the transferability of that technique to this study.

The breadth of VA codes meant that our categorisation of TCC may have lacked precision. For example, two ICD-10 codes, such as I10 (essential (primary) hypertension) and I26 (acute pulmonary embolism), defined as not time-critical and time-critical, respectively, were mappable to the same VA code (other and unspecified cardiac disease). This occurred in few instances and, in such cases, the deaths were classified as time-critical. This may have led to an overestimate of TCC, but it is doubtful that these small numbers substantially altered the findings of this analysis.

The pattern of healthcare access was limited in that only three variables were captured. Examining additional stages of healthcare access for these patterns would have given a more detailed and accurate picture. A lack of standardised time period for the free text summaries meant that in some cases the described period referred to few hours, whereas in others it could refer to days; however, where possible, only cases were included where the time was reasonably certain.

Blank spaces in the CoM answer field were assumed to denote 'no', but the respondent may not have known the answer. While these limitations may be overcome by combining analysis of CoM with that of the free text, the free text may have only identified certain barriers to care which are perceived to be more important by the respondent, with other delays that still are important to health outcomes not being described.

Quality data from VA are dependent on the accurate recording of an interview with an unbiased interviewee. There may have been a degree of subjectivity in the interviewers when writing the free text summary accounts; additionally, VA is conducted with a carer of the deceased who may not have been present in the facility often enough to reliably comment on the quality of care provided. Recall bias, in that relatives may be more likely to remember a negative healthcare experience than a positive one, may exist. Previous experiences and cultural norms may influence the descriptions of events by relatives of the deceased. VAs also do not provide information about survivors or attributed morbidity.

Conclusion {#s5}
==========

Our study has found that TCCs are a common and increasing cause of death in this South African population, with the majority being due to NCDs. We have also shown that this population experiences considerable barriers to obtaining quality healthcare for TCC. The most frequently occurring delay shown by the CoM indicators was in seeking care, which was echoed by the most commonly occurring healthcare access pattern being to access no healthcare and die outwith a facility. This suggests that awareness in both the public and healthcare services of the need to access healthcare services is not aligned with the changing burden of conditions. Qualitative review of interviewer free text summaries, however, highlighted the presence of delays in receiving quality care at a facility. LMICs have recognised the need to improve healthcare systems in acute care with WHA Resolution 72.16, which was proposed by Ethiopia and Eswatini.[@R13] The methodologies used in this study could be readily be applied to other VA data collected throughout LMICs by HDSS sites and elsewhere. Using recent developments in VA, such as 'Circumstances of Mortality CATegories', could allow for analysis at scale of barriers faced in accessing healthcare.[@R53]
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